and Turkey. Methods of item response theory were applied to each subscale to assess differential item functioning for items among countries. Overall, 662 hand eczema patients were recruited into the study. Single items were removed or split according to the item response theory model by country to resolve differential item functioning. After this adjustment, none of the four subscales of the QOLHEQ showed significant misfit to the item response theory model (P < 0.01), and a Person Separation Index of greater than 0.7 showed good internal consistency for each subscale. By adapting the scoring of the QOL-HEQ using the methods of item response theory, it was possible to obtain QOLHEQ values that are comparable across countries. Cross-cultural variations in the interpretation of single items were resolved. The QOLHEQ is now ready to be used in international studies assessing the health-related quality of life impact of hand eczema.
INTRODUCTION
Hand eczema (HE) is a common and multifactorial skin disease (Coenraads, 2012) . In the general population, the 1-year prevalence of HE has been estimated to be as high as 10%, with higher risk in females and in patients with contact allergy, atopy, or exposure to wet work (Thyssen et al., 2010) . Often it is a chronic recurrent or persisting condition with negative socioeconomic effects, and it has been shown that about 28% of patients with HE of occupational origin are unfit to work (Diepgen et al., 2009) . Health-related quality of life (HRQOL) is negatively affected in patients with HE Moberg et al., 2009) . HRQOL impairments in HE have been assessed by using generic HRQOL instruments like the EuroQoL-5D (Brooks, 1996) or by using skin-specific instruments like the Dermatology Life Quality Index (Finlay and Khan, 1994) or Skindex (Chren et al., 1996) . The only disease-specific instrument for assessing HRQOL impairment in HE patients is the Quality of Life in Hand Eczema Questionnaire (QOLHEQ; Ofenloch et al., 2014) . Although generic and skin-specific instruments enable comparability with other (skin) diseases, disease-specific instruments assess impairments caused by the disease of interest more precisely and are therefore more sensitive to change when used in clinical trials. In its validation study, the QOLHEQ was shown to be valid and reliable, and its sensitivity to change was superior compared with the EuroQoL-5D, Dermatology Life Quality Index, and Skindex-29.
Especially in chronic skin disorders, clinical severity scores alone, such as the Hand Eczema Severity Index (Held et al., 2005) or the Osnabrück Hand Eczema Index (Dulon et al., 2009) , do not give enough information on the effects of treatments. This is because the clinical score is rated by a physician, and it is known that those ratings correlate only moderately with patients' perceptions of impairment (Agner et al., 2013; Ofenloch et al., 2015) . Therefore, measures of HRQOL should be integrated as patient-reported outcomes in clinical trials. Cross-cultural aspects have often not been considered enough during the development of many instruments used in dermatology (Grob, 2007) . When patientreported outcome instruments are used to assess data in a cross-culturally equivalent manner, this aspect should already have been accounted for during development of the instrument.
The development of instruments that assess impairment in HRQOL in a valid manner across different languages and cultures is essential if one wishes to use such measures in international, multicenter studies. If clinical trials are performed in several countries, the scores obtained through a particular instrument are not necessarily comparable across these countries, as shown by Nijsten et al. (2007) for the Dermatology Life Quality Index and for Skindex in psoriasis patients. It is likely that this is true also for other HRQOL instruments, because responses to those questionnaires are often governed by social values and norms, which are likely to differ among countries (Nijsten et al., 2007) .
One method to investigate if an instrument produces crosscultural equivalent data is to test for differential item functioning (DIF) using the framework of item response theory (IRT) (Zumbo, 1999) . DIF is present when the responses to a specific item from individuals with the same level of HRQOL impairment in two different countries systematically differ from each other. Differences among populations may be over-or underestimated if the items of a scale show DIF among populations (Brodersen et al., 2007) . Cultural factors are likely to cause those differences in HRQOL (Scott et al., 2008) . Using IRT methods, it is possible to transform the ordinal-scaled scores of an instrument into interval-scaled scores that account for DIF among subgroups, thereby making the scores comparable (Bond and Fox, 2001) .
The aim of this study was to obtain a scoring for each subscale of the QOLHEQ that generates comparable values for Finland, Germany, Japan, The Netherlands, Sweden, and Turkey. All these language versions of the QOLHEQ can be found in the Supplementary Materials online.
RESULTS

Sample characteristics
Overall, 662 individuals were recruited, with a well-balanced number of 110 AE 3 individuals for each participating country. In the total sample, 61.6% of the individuals were women, with the highest proportion of women in Japan (75.9%) and the lowest proportion in The Netherlands (48.2%). Together with Finland, where the percentage of women was 75.5%, those countries differed significantly from the overall distribution (P < 0.01). The mean age of the study population was 40.9 years (range ¼ 18e79 years), with the youngest subpopulation in Turkey (mean ¼ 31.9 years) and the oldest in Germany (mean ¼ 50.5 years). Those two countries differed significantly from the overall mean (P < 0.01); however, the effect size was rather small (h 2 < 0.1). The demographic characteristics of the study population are shown in total and separately for each country in detail in Table 1 .
Symptoms
The first inspection of the Symptoms subscale showed a significant misfit to the Rasch model (RM) (overall c 2 ¼ 49.9; df ¼ 28; P < 0.01) and disordered thresholds for the item Itch and Fissuring. After adjusting those items by merging the response categories Rarely and Sometimes, the analysis on DIF was performed. Overall, the items Pain and Redness showed relevant DIF (deviation of > 0.5 logits) ( Figure 1a and b), and an analysis of DIF for each country separately showed that this DIF was caused by the Swedish sample. Figure 1c and d shows that at the same level of HRQOL impairment (person location), Swedish people were more likely to report impairment (expected value) on the item Pain and less likely to report impairment because of Redness compared with the rest of the sample.
After splitting the scoring of those items for the Swedish subpopulation and retrieving a separate scoring for this group, the subscale no longer showed significant misfit to the RM (overall c 2 ¼ 53.6; df ¼ 36; P > 0.01). A Person Separation Index (PSI) of 0.79 indicated a good internal reliability for the adjusted subscale, which can now be used to compare scores among the participating countries.
Emotions
Although the Emotions subscale showed no initial misfit to the RM (overall c 2 ¼ 24.8; df ¼ 32; P > 0.01), disordered thresholds were detected for the item Anxious. After this item was adjusted, several items of the scale showed relevant DIF by country: (i) the Swedish subgroup was less likely to report impairment due to being Annoyed or Embarrassed, whereas (ii) the Finnish subgroup was more likely to be impaired because of being Anxious about the future, and (iii) the Turkish subpopulation was less likely to report being Frustrated.
In Figure 2aed , the DIF is shown as item characteristic curves for these countries compared with the rest of the sample. By using the RM, the items were split for the corresponding countries, and country-specific, interval-scaled values were retrieved for Sweden, Finland, and Turkey. The final model showed no significant misfit to the RM (overall c 2 ¼ 32.2; df ¼ 48; P > 0.01), and a PSI of 0.88 indicated an excellent internal reliability for the adjusted subscale.
Functioning
In the primary analysis with the RM, the Functioning subscale showed no significant misfit to the RM (overall c 2 ¼ 34.2;
df ¼ 32; P > 0.01) and no disordered thresholds. Five items of the subscale showed relevant DIF. Individual analysis by country showed that although the Swedish subpopulation showed a slightly higher likelihood for scoring higher on the item of being impaired in Washing, the DIF in the four other items was caused by the Turkish subpopulation ( Figure 3 ). Individuals of the Turkish subpopulation were, compared with those from other countries at the same level of HRQOL impairment, less likely to report problems in doing Home duties or Hobbies but, on the other hand, more likely to experience impairment because of Avoiding contact with others or while Touching family. Nevertheless, all five items could be split using the RM, and country-specific, interval-scaled values were retrieved for Sweden and Turkey. The final model showed no significant misfit to the RM (overall c 2 ¼ 71.4; df ¼ 52; P > 0.01) and a PSI equal to 0.83 also indicated good internal reliability for the adjusted subscale.
Treatment and prevention
The Treatment and Prevention subscale showed no significant misfit to the RM initially (overall c 2 ¼ 21.6; df ¼ 28; P > 0.01), but disordered thresholds were found for the item for feeling impaired because of Visiting physicians. After adjusting the response categories for this item, significant DIF was found in the analysis where all countries were tested in parallel ( Figure 4a ). Individual analysis for each country showed that this DIF was relevant for Sweden, Turkey, and Japan (Figure 4bed ). The Swedish subgroup was less likely to be impaired because of Visiting physicians, whereas the likelihood for the Turkish and Japanese subgroups to be impaired on this item was higher ( Figure 4) .
The DIF for this item was intensely discussed at an international meeting of the developers, and it was agreed that this DIF may be caused not only by cross-cultural factors but also by differences in the health care systems of the different countries. The Swedish population, living in a country with a national health system, may in general be less likely to visit a dermatologist often, even if HE is severe. Therefore, at the same level of HRQOL impairment compared with individuals from other countries, Swedish people were less likely to be impaired in this area because clinical visits are so scarce. If interpreted this way, the DIF found for Visiting physicians would not be an anomaly but would reflect true differences among countries. Nevertheless, because this fact is unlikely to explain the DIF for other countries, it was decided to conservatively remove this item from the scale to gain comparable HRQOL results across countries. Although one item was removed from the subscale, the final model showed no significant misfit to the RM (overall c 2 ¼ 14.5; df ¼ 24; P > 0.01), and the internal reliability remained good (PSI ¼ 0.74). online). According to the recommendations of Schermelleh-Engel et al. (2003) , the fit indices received in this international sample indicated a good fit of the adjusted QOLHEQ scoring (standardized root mean square residual ¼ 0.06; goodness-of-fit index ¼0.98; adjusted goodness-of-fit index ¼ 0.98; normed fit index ¼ 0.98). Removing the item Visiting physicians from the domain treatment/prevention lead to a higher correlation of that domain with the higher-order factor HRQOL compared with the original scoring (Ofenloch et al., 2014) 
The Rasch-transformed interval-scaled values for each subscale are given overall and separately for Sweden, Finland, and Turkey (wherever a subscale was adjusted for DIF by country) in Supplementary Table S1 online. However, to use an HRQOL measure with this high precision for international comparison, great effort is needed to perform the scoring of the instrument: first, the raw scores need to be created (giving values from 0e4 [see Supplementary Table S2 online] for each answer on the QOLHEQ and summing them up by subscale), then each of those scores needs to be translated into country-specific values (see Supplementary Table S1 ), which leads to a rescoring of 278 values overall. This virtually cannot be performed without using modern statistical software. To enhance the use of the QOLHEQ with precise values for international comparison, an SPSS-Syntax, performing the QOLHEQ scoring by considering all those aspects and additionally transforming each subscale to a score with a range from 0e100, can be downloaded, together with the different language versions of the QOLHEQ, at www. QOLHEQ.dermis.net or found in the Supplementary Materials.
Effects of the cross-cultural adjustments
To visualize the effects that a cross-culturally inequivalent measurement can have on international comparisons, the mean values of the QOLHEQ before and after the adaption are given by country in Table 2 . We assessed whether a QOLHEQ mean of a given country differed significantly from the QOLHEQ mean of the remaining countries. Before rescoring, the German and Dutch populations showed a significantly decreased mean in the Emotion subscale; after adapting for DIF, those effects disappeared-in case of the Dutch population, the value was even slightly increased (although not significant). On the other hand, the Japanese and Finnish populations showed no significant deviation before adapting for DIF; afterward, the values were significantly higher for the Japanese and significantly lower for the Finnish population.
DISCUSSION
The QOLHEQ is the only instrument to assess diseasespecific HRQOL in patients with HE, and it can now be used for the comparison of HRQOL impairment in international clinical trials or epidemiological studies using the German, Dutch, Finnish, Swedish, Japanese, and Turkish versions of the QOLHEQ. In this validation study, we applied the methods of modern test theory, which are now widely accepted as the new standard in the dermatological community for assessing patient-reported outcomes (Liu et al., 2016; Nijsten et al., 2006 Nijsten et al., , 2007 Tennant et al., 2004; Twiss et al., 2012) . We were able to show that a Table 2 should not be interpreted as representative for the whole countries investigated, because we obtained only convenience samples and did not collect information on reasons for nonparticipation or clinical characteristics of the patients included.
Other dermatology-specific HRQOL instruments have shown cross-cultural inequivalence; however, no adaption was performed to those scales to obtain comparable values (Nijsten et al., 2007) . According to the definition of Nijsten et al., the QOLHEQ can now be considered as a third-generation instrument for assessing HRQOL, because detailed information is given about dimensionality and response categories and an adaption for DIF was performed (Nijsten, 2012) .
To our knowledge, this is the first study assessing cross-cultural aspects of HRQOL in a sample of dermatological patients from six countries. The strength of this study is that those aspects have been investigated in a sample of 662 patients with HE, who were equally distributed across countries so as not to overweight the impact of a single culture in the analysis. However, sampling within each country did not occur at random. As described, patients were sampled in a consecutive manner in the different centers. Still, random sampling would have been impossible, largely because the totality of HE patients is unknown; therefore, drawing a random sample did not seem to be possible. Further, it would have been beneficial to include other language versions of the QOLHEQ in this study. We acknowledge that we have no representation from Africa, Latin America, and Oceania. These languages need to be investigated in future studies.
Although we found some variations in the demographic characteristics of the participating centers, it was not expected that this affected the following DIF analyses on crosscultural equivalence, because an assessment of DIF by age groups and sex in the German validation study showed that there was no significant DIF for the QOHEQ in those categories (Ofenloch et al., 2014) . With the results of this international/cross-cultural validation study, the QOLHEQ is the first HRQOL instrument in dermatology with countryspecific values that account for DIF among countries. However, further investigations of the QOLHEQ are needed to enhance the interpretability of national and international HRQOL impairment in HE patients. A banding study, like the one performed by Hongbo et al. (2005) for the Dermatology Life Quality Index, could provide a meaningful categorization of the QOLHEQ scores. In addition, further psychometric properties should also be assessed in samples at the country level, like in the German validation study (Ofenloch et al, 2014) , because the cross-cultural validity reported here is only a part of the whole construct validity.
The QOLHEQ has now been rescored on an international level (and one item was removed from scoring), and the scoring of the QOLHEQ at the country level may deviate from its international scoring (e.g., the most precise scoring of the QOL-HEQ in a purely German population is still the one presented in the German validation study [Ofenloch et al., 2014] ). Therefore, national validation studies are needed to achieve the best psychometric properties for the instrument and the highest precision in measuring HRQOL in HE patients at country level. Ideally, in the future, studies using the QOLHEQ should report both national and international values.
MATERIALS AND METHODS
The QOLHEQ
The QOLHEQ was developed by an international expert group consisting of health scientists and dermatologists with special expertise in HE from Australia, Denmark, Finland, Germany, Japan, and Sweden. The development process was performed by this international group to build items that assess HRQOL in a crossculturally equivalent manner, enabling the comparison of HRQOL impairment across countries. To receive a valid instrument covering all relevant aspects of HRQOL, patients suffering from HE were also involved in the development process through standardized questionnaires and focus groups. The translation process was then performed according to international guidelines, which are described in detail elsewhere (Oosterhaven et al., in press ). The QOLHEQ consists of 30 items and assesses disease-specific HRQOL in HE patients using four scales covering impairment because of (i) symptoms, (ii) emotions, (iii) functioning, and (iv) treatment/prevention. A large validation study carried out in German HE patients showed the QOLHEQ to be a valid, reliable, and sensitive measure for assessing HRQOL in that population (Ofenloch et al., 2014) .
Sampling
The HE patients participating in this international study were recruited consecutively at the North Karelia Central Hospital in Joensuu (Finland), University Hospital Heidelberg (Germany), the hospital and private clinics in Kumamoto (Japan), the University Medical Center Groningen (The Netherlands), Skåne University Hospital in Lund (Sweden), and Uludag University Medical Faculty Bursa and Sakarya University Medical Faculty Adapazar (Turkey). The study was approved by the local institutions, and written informed consent was received from all subjects included. Because an unbalanced sample size among groups might affect analyses of variance (Shaw and Mitchell-Olds, 1993) we aimed at recruiting a balanced sample of about 110 subjects per group. Each center consecutively recruited all patients with active HE and a history of HE within the last week into the study. An exclusion criterion was age younger than 18 years. According to the rules of the developers (Ofenloch et al., 2014) , data were excluded from analysis if data for more than three items of the QOLHEQ were missing. This lead to an exclusion of 26 participants, who were equally distributed across the countries. It was only in the Japanese dataset that there were no missing data overall.
Statistical analysis
Basic statistical calculations were performed using SPSS 23 (IBM, Armonk, NY). As a method of IRT, a Rasch analysis with the partial credit model (Masters, 1982) was performed for each subscale separately using RUMM2030 (Rumm Laboratory Pty. Ltd., Duncraig, Western Australia, Australia). The initial scoring of the QOLHEQ in this analysis was performed according to the results of the primary validation study (Ofenloch et al., 2014) . In a first step, the overall fit to the RM was assessed by (i) using a chi-square test for the item-trait interaction, (ii) checking for disordered thresholds of the item categories, and (iii) assessing the fit residuals for item mean interaction. To receive results comparable with the analysis of the primary validation study (Ofenloch et al., 2014) , the chi-square test was performed with an adjusted sample size of n ¼ 350 using the chi-square test adjustment function in RUMM2030. If a disordered threshold was detected, a rescoring of single items was performed, to gain fit of the subscale to the RM. The fit of the final model to the RM was again assessed using a chi-square test over the item-trait interaction. The internal reliability of each subscale was assessed using the PSI. A value of PSI greater than 0.7 was considered to be evidence for good internal reliability.
After adjusting the subscales to resolve disordered thresholds, an analysis of variance was performed to assess cross-cultural equivalence by testing for DIF among countries. We ran this analysis in two steps: (i) we tested DIF for each item among all countries in parallel and (ii) we tested DIF for each country compared with the rest of the sample separately to identify the language version that actually caused the DIF for a specific item. The second analysis step was done to enhance interpretation of DIF for items showing DIF in the first step of the analysis. At an international meeting of the developers of the QOLHEQ, it was decided to assess, in addition to the significance of DIF, the magnitude of the deviation in terms of the fit residuals by country for each item showing DIF. The fit residual is the mean deviation of the response pattern for an item by country on a logit scale. In the case of uniform DIF, a deviation of þ0.5 logits indicates that an individual in one country is about 20% more likely to score one response category higher on a specific item compared with an individual with the same degree of impairment from another country in the sample. It was decided that a mean deviation of greater than 0.5 logits for a subscale is defined as clinically relevant DIF, which was adjusted for in the ongoing analysis.
The adjustment for DIF was performed by splitting items for the calculation of the Rasch estimates, which means that those items are rendered unique for the groups showing DIF (Tennant et al., 2004 ). If, for example, an item shows DIF for Sweden, it is split into one separate item for Sweden containing missing values for all other countries and one item for all the other countries (which contains missing values for Sweden). This way, separate location and threshold values can be calculated for this item by country.
Before and after the rescoring of the subscales, the QOLHEQ was introduced into a structural equation model using AMOS 23 (IBM) representing all four domains and the higher-order factor HRQOL in one model. This was done to assess if the raw scores of the QOLHEQ in a sample of all countries combined still represented a valid multidimensional construct of HRQOL, as shown in the German validation study (Ofenloch et al., 2014) .
